ABSTRACT: An array of management tools exists within the beef industry to improve animal welfare and productivity; however, the ability to assess the outcomes of these tools is needed. Deficiencies in management commonly manifest as bovine respiratory disease complex or nutritional disorders such as acidosis; therefore, lung, liver, and rumen gross pathology lesions present at slaughter were measured as part of the Harvest Audit Program (HAP) and associations with performance determined. Individual gross pathology data from 19,229 cattle at commercial packing plants in Kansas and Texas were collected. Corresponding individual preharvest and carcass data were obtained on a subset of 13,226 cattle. Associations between lesions and performance were modeled using multivariable mixed effect models. Regression coefficients were used for estimation of lesion associative effects on continuous outcomes and odds ratios for dichotomous outcomes. Across the entire population, 67.3% of the cattle had no pulmonary lesions; 22.5 and 9.8% of cattle displayed mild and severe lesions, respectively. Severe pulmonary lesions were associated with a decreased ADG of 0.07 kg and a HCW 7.1 kg less than cohorts with no pulmonary lesions (P < 0.01). Overall, 68.6% of cattle observed had normal livers. Of cattle severely affected by liver abscesses (A+; 4.6%), 14.9% also displayed severe pulmonary lesions and 28.3% displayed mild pulmonary lesions. Rumenitis lesions were observed in 24.1% of the overall study population. Of cattle with mildly abscessed livers (A-), moderately abscessed livers (A), and severely abscessed livers, 20.6, 21.6, and 9.24% displayed mild or severe rumenitis lesions at slaughter. Severe rumenitis lesions were associated with a significant decrease in ADG and HCW (0.025 and 2.20 kg, respectively; P < 0.001). Although the majority of the cattle in this population would be considered low risk, after adjustments for cattle with multiple lesions, 22.9% of cattle in the overall population were observed with a severe lesion (lung, liver, or rumen). In conclusion, a gross pathology monitoring system is feasible and the 22.9% prevalence of severe lesions (lung, liver, or rumen) indicates that significant opportunity exists to improve beef cattle health, well-being, and productivity. Data generated using HAP may be used to support decisions concerning the implementation or removal of managerial practices and health interventions in beef cattle production systems.
InTRODUCTIOn
Accurate and precise diagnosis of the most common diseases affecting fed cattle is challenging. White and Renter (2009) concluded that the use of lung lesions as a diagnostic tool for bovine respiratory disease complex (BRDC) was far superior to that of a traditional clinical illness evaluation. Prevalence rates for liver abscesses (a sequela to ruminal acidosis) in surveys of U.S. fed cattle are different than the diagnosis rates for digestive diseases reported by the USDA (4.3%; USDA, 2011) versus 13.9 (Garcia et al., 2008) and 4.8% (McKeith et al., 2012) . Multiple reports have outlined the deleterious effects on performance and carcass characteristics of liver abscesses (Brink et al., 1990; Nagaraja and Chengappa, 1998; Brown and Lawrence, 2010) . Before the formation of a liver abscess, rumenitis occurs allowing the pathogenic bacteria to migrate from the rumen into portal circulation (Kleen et al., 2003) . Therefore, examining the rumen for gross pathological evidence of mucosal damage at slaughter may be a valuable diagnostic tool for nutritional health (Thompson et al., 2008) .
The occurrence of lesions negatively impact slaughter processes when abscesses and adhesions hinder evisceration. In addition, there is the economic loss of the liver and offal to condemnation.
Given the detriment of these lesions to the animal, the cattle feeder, and the meat packer, it would be advantageous to simultaneously monitor the lesion prevalence along with production measurements to provide an objective and more complete benchmarking of the entire beef production process. However, the methods and scoring systems must be documented and consistent, and data collection must be complied over time to establish baseline or "normal" ranges.
The objectives of this study were to 1) determine the prevalence and relationships among multiple gross pathology lesions in beef cattle at slaughter, 2) develop and implement a system that reported preharvest and performance data, carcass characteristics, and gross pathology prevalence (Harvest Audit Program), and 3) model the performance effects associated with the lesions measured.
MATeRIALS AnD MeThODS
Animal care and use committee approval was not required for the methods used in this study as animal procedures were confined to commercial carcasses and retrospective evaluation of existing records; no live animals were used.
General
Collection and aggregation of data consisted of 3 steps: 1) communication with cattle feeders to identify target cattle and their respective shipping schedules as well as communication with packing plant personnel to facilitate crew entry and cross-check shipping schedules and harvest times with plant procurement personnel, 2) collection of gross pathology data at the packing plant, and 3) collection of preharvest and carcass data via cooperating feedyard and packing plants' database systems.
Individual preharvest variables were collected at the respective feedyard on the day of processing; the difference between the date of initial processing and date of slaughter equaled days on feed. Diagnosis of BRDC at the feedyard was conducted by trained animal care and health personnel using clinical scoring and observation methods developed under the supervision of the attending veterinarian.
Teams of trained investigators comprising undergraduate, graduate, and veterinary students were dispatched to commercial packing plants to conduct lung lesion, liver abnormality, and rumen health scoring. Before gathering data, all personnel where trained using a combination of self-study and instructor-led training material on all data collection procedures. Where possible, attempts were made to use a homogenous crew of personnel as well as to maintain each crew member's respective assignment for the entirety of the data collection process.
Loin muscle area, marbling score, and 12th rib fat thickness were measured and calculated by video image analysis. Quality grade was assigned by USDA Agricultural Marketing Service Meat Grading and Certification branch personnel. Individual carcass adjusted final live weight was calculated by dividing individual hot carcass weight by the lot level dressing percent.
Gross Pathology Scoring
Lung lesion scores were assigned by visually evaluating lungs as they passed by a single investigator at the offal table (i.e., all lung specimens in a kill day were assigned a score by 1 person). Lungs were scored on a 3-point scale similar to that of Thompson et al. (2006) with the exception being that lungs were not palpated for tactile confirmation of consolidation: normal (no visible gross pathological evidence of lesions associated with BRDC), mild (<50% consolidation of any single lung lobe with lesions associated with BRDC), and severe (>50% consolidation of any single lung lobe with lesions associated with BRDC or any sign of pleural adhesion to the thoracic cavity). Although lesions occurring in any portion of the lung were noted and assigned a score, personnel were instructed in training materials to make a careful diagnosis of the right cranial and middle lobes as a previous investigation has shown that >86% of lesions are detected when only evaluating those anatomical locations (Epperson, 2003) .
Livers were evaluated for the presence of abnormalities by a single investigator at the offal table. Hepatic abscesses were scored using a modified Elanco Liver Check System (Elanco, Greenfield, IN). Livers that were free from abscesses, parasites, or other pathological abnormalities were classified as normal. An A-was assigned to livers that displayed ≤2 abscess ≤2 cm in diameter or resolved abscess scars, an A designation was assigned to liver displaying 2 to 4 abscesses 2 to 4 cm in diameter, and an A+ was assigned to livers displaying ≥1 abscesses >4 cm in diameter or >4 abscesses >2 cm in diameter. Abscesses adhered to the diaphragm, other organs, or the abdominal cavity were noted and classified as A+A. Likewise, abscesses that were ruptured or "open" leading to the condemnation of all offal for the respective carcass were scored as an A+O. Livers with adhesions and ruptured abscesses were denot-ed as an A+AO. For the purposes of this report, however, A+A, A+O, and A+AO scores were consolidated into the A+ category for prevalence and performance association data. The occurrence of other abnormalities including liver flukes and other parasites, telangiectasis (of all degrees), and cirrhosis as well as livers condemned due to contamination or miscellaneous criteria were recorded.
The ruminal mucosa was evaluated for the presence of gross pathological lesions associated with the ruminal acidosis. Each rumen was identified with the respective carcass number of the animal from which it originated. Following evisceration, each rumen was drained of digesta and hung on the processing chain as per normal plant procedures. The area of the plant that was designated for ruminal scoring varied by plant location. Visual gross pathological diagnosis was accomplished in teams of 2; 1 crew member noted the plant carcass number and placed a tag on the esophagus. At the data collection area, 1 crew member read the identification number and dictated it to the crew member assigning lesion scores. Scores were assigned according to the following system: normal (gross appearance of healthy epithelium with thick, lush papillae with no signs of inflammation, ulceration, or other insult), mild (consolidated portions of the ruminal mucosal surface displaying short [relative to normal] or denuded papillae), and severe (active rumenitis lesions: focal or multifocal ulcerations characterized by demarcated, irregularly circular, depressed, red foci or healed ulcerations [scars] characterized by focal or multifocal puckered scars [star shaped] devoid of papillae; Thomson, 1967) . Rumens condemned by USDA inspection were not assigned a score. Likewise, if proper identification of the rumen was not accomplished, individual data were not retained and a designation of unknown was entered in the animal's record.
Data Management and Statistical Analysis
Data were stored and managed using Microsoft Excel for Windows 2010 (Microsoft, Redmond, WA). Before analysis, a list of complete animal records was randomly selected to cross reference with hard copy records to verify accuracy. Frequency distributions were calculated using PROC FREQ of SAS (SAS version 9.3; SAS Inst. Inc., Cary, NC). Associations between lesions and outcomes of interest were modeled using systematically generated mixed models (PROC GLIMMIX; SAS version 9.3; SAS Inst. Inc.) for each outcome. Outcomes of interest were established and random (G-Side) effects were defined to account for lack of independence within feedlot, incoming cohort group, and harvest cohort group. Collinearity of independent variables was assessed and controlled for using calculation of Spearman rank-order correlation coefficients in a pairwise manner; collinearity between 2 variables was declared at 0.9 (Dohoo et al., 1997) . Univariate associations were evaluated among outcomes of interest and covariates. Linearity of continuous variables was determined by modeling quartiles or deciles of the variable as categorical variables. Covariates that were not linearly associated with the outcome of interest were retained as categorical variables. Covariates evaluated for each model included gross pathology lesions, sex, arrival weight, days on feed, whether metaphylaxsis was used as a form of BRDC control, whether an animal was treated for BRDC, sort group, month of arrival, and HCW. Covariates of interest (i.e., lesion data) were forced into the model. Additional covariates were added to the model to assess for confounding defined as a >20% change in the effect estimates for the covariates of interest. All variables that demonstrated evidence of confounding were forced into the model. Subsequent covariates were added in a stepwise fashion on the basis of model fit based on Bayesian information criteria (Dohoo et al., 2003) . Regression coefficients were reported to describe associations with continuous outcomes and odds ratios (e β ) reported for dichotomous outcomes. Pairwise differences among gross pathology lesion scores were evaluated using Tukey-Kramer adjustments for multiple comparisons of adjusted marginal means.
ReSULTS AnD DISCUSSIOn
Cattle were enrolled into the study via communication between the cooperating feedyards and Kansas State University personnel. Lesion prevalence and severity data were gathered on a total of 19,229 head of cattle from 6 commercial feedyards in Kansas (1) and Texas (5). Cattle originating from Texas feedyards made up 54.3% of the population and cattle from the Kansas feedyard made up the remaining 45.7%. Steers accounted for a slightly greater proportion of the population than heifers (53.5 vs. 46.5%). The frequency distribution of initial date on feed is shown in Fig. 1 and ranged from November 16, 2010, to May 14, 2012. Individual preharvest data was also collected on a subset of 13,266 head of cattle outfitted with electronic identification tags. Descriptive statistics of continuous variables for the subset are shown in Table 1 .
Across the entire study population, 22.5 and 9.8% of cattle displayed mild and severe lung lesions, respectively (Table 2 ). In the subset of cattle with preharvest treatment and lung lesion data (n = 13,266), a similar percentage of severe pulmonary lesions was observed (9.45%) and mild lesions were observed in 26.12% of the cattle; however, only 2.1% of these cattle were treated for BRDC during the finishing phase. Of cattle treated for BRDC during the finishing phase, 44.7% displayed gross pulmonary lesions at slaughter. Among cattle not treated for BRDC in the finishing phase 35.6% displayed gross pulmonary lesions at slaughter. These data support the findings of White and Renter (2009) , that the sensitivity and specificity of BRDC diagnosis using clinical scoring alone is inferior to using a combination of lung lesions and clinical scoring. The reported prevalence of pulmonary lesions at slaughter has varied greatly, presumably due to a number of management and environmental factors. Bryant et al. (1999) reported the prevalence of all types of pulmonary lesions to range from 33 to 77% in 3 populations of commercially fed cattle (n = 599).
Severe lung lesions at the time of slaughter were associated with a decreased ADG of 0.07 kg and a HCW 7.1 kg less than that of their cohorts with no visible signs of pulmonary BRDC lesions (P < 0.001; Tables 3 and 4, respectively). Notably, mild BRDC lesions were associated with a slight increase in ADG and HCW versus cattle with normal lungs at slaughter (P = 0.007 and P < 0.001, respectively). However, the odds of a carcass grading Choice or better was not significantly different among lung pathology score groups (P = 0.99; Table 5 ).
A similar decrease in ADG of calves with lung lesions at slaughter has been reported by Wittum et al. (1996) ; however, other reports have failed to find significant differences between the performance of calves with and without pulmonary lesions at slaughter (Schneider et al., 2009 ). The differences between these reports may be a result of several factors including differences in study design, cattle populations, management protocols, and unobserved factors affecting the risks of BRDC or the development of lesions. However, case definition (i.e., lesion scoring method) may also explain variability among reports, similar to the ability of clinical case definition of BRDC of to influence morbidity and other health parameters. The pulmonary lesion scoring system used in this Gross lung pathology at slaughter: Normal: no visible gross pathological evidence of lesions associated with bovine respiratory disease complex (BRDC). Mild: <50% consolidation of any single lung lobe with lesions associated with BRDC. Severe: >50% consolidation of any single lung lobe with lesions associated with BRDC or any sign of pleural adhesion to the thoracic cavity.
2 Gross liver pathology at slaughter: Normal: livers free from abscesses, parasites, or other pathological abnormalities. A-= livers that displayed ≤2 abscess ≤2 cm in diameter or resolved abscess scars. A = livers that displayed 2 to 4 abscesses 2 to 4 cm in diameter. A+ = livers displaying ≥1 abscesses >4 cm in diameter or >4 abscesses >2 cm in diameter, adhesions to the body wall or other organs, or a ruptured abscess. Fluke/parasite: livers displaying evidence of infestation by flukes (Fasciola hepatica or other). Miscellaneous: Liver condemned for miscellaneous reason or contamination. Telangiectasis: livers displaying gross pathologic evidence of telangiectasis. Cirrhosis: livers displaying gross pathologic evidence of cirrhosis.
3 Gross rumen pathology at slaughter: Normal: gross appearance of healthy epithelium with thick, lush papillae with no signs of inflammation, ulceration, or other insult. Mild: consolidated portions of the ruminal mucosal surface displaying short (relative to normal) or denuded papillae. Severe: active rumenitis lesions: focal or multifocal ulcerations characterized by demarcated, irregularly circular, depressed, red foci or healed ulcerations (scars) characterized by focal or multifocal puckered scars (star shaped) devoid of papillae (Thomson, 1967) . experiment resulted in lesion cohorts with significant differences in performance characteristics such as ADG and HCW and, therefore, can serve as an objective indicator of animal health and welfare. Moreover, this system and others similar (Thompson et al., 2006) are simple to implement in that there are only 4 outcomes possible for each set of lungs (3 levels of pathology scores + "Unknown"). Applying this system at the chain speed of a modern, commercial packing plant is more easily accomplished than a complex system, yet it still has the potential to identify differences between biologically and economically relevant outcomes such as weight gain.
Overall, 68.6% of cattle observed had normal livers, free from abscesses and other abnormalities (Table 2) . Of cattle severely affected by liver abscesses (A+), 14.9% also displayed severe BRDC lung lesions and 28.3% displayed mild BRDC lung lesions. Among all liver abnormalities, the greatest performance loss versus normal livers was associated with the severe abscess and cirrhosis groups (P < 0.001); however, liver cirrhosis was only observed in 0.2% of cattle over the entire study population. All final multivariable regression models for estimating associative performance effects contained each lesion as fixed effect covariates; hence, regression coefficients may be summed to estimate the associative effects that could be expected for those cattle that displayed more than 1 lesion at the time of slaughter. For example, the 14.9% of cattle with severely abscessed livers that also presented severe pulmonary BRDC lesions could be expected to gain 0.17 kg/d (0.10 + 0.07 kg/d) less than their cohorts with normal livers and lungs.
Rumenitis lesions were observed most commonly on the ventral floor of the ventral sac; however, lesions were occasionally found on the ventral floor of the caudodorsal blind sac. Rumenitis lesions were observed in 24.1% of the overall study population (Table 2) . Current data reporting the prevalence and severity of rumenitis lesions in beef cattle is limited. In 1 South African report (Thompson et al., 2008) , active or unhealed lesions were observed in 56.1% of cattle and healed lesions or "stars" were observed in 50.9% of cattle; however, it was noted that great variability existed within cohort groups. Prevalence of stars ranged from 3.3 to 72.3% and prevalence of active lesions ranged from 5.5 to 93.6% among cohort groups.
Of cattle with mild and severe rumenitis scores, 32% had a liver abscess and 19% of cattle with normal rumens had a liver abscess. Jensen et al. (1954) reported a high statistical correlation between the occurrence of liver 2 Gross lung pathology at slaughter: Normal: no visible gross pathological evidence of lesions associated with bovine respiratory disease complex (BRDC). Mild: <50% consolidation of any single lung lobe with lesions associated with BRDC. Severe: >50% consolidation of any single lung lobe with lesions associated with BRDC or any sign of pleural adhesion to the thoracic cavity.
3 Ref = referent category. 4 Gross liver pathology at slaughter: Normal: livers free from abscesses, parasites, or other pathological abnormalities. A-= livers that displayed ≤2 abscess ≤2 cm in diameter or resolved abscess scars. A = livers that displayed 2 to 4 abscesses 2 to 4 cm in diameter. A+ = livers displaying ≥1 abscesses >4 cm in diameter or >4 abscesses >2 cm in diameter, adhesions to the body wall or other organs, or a ruptured abscess. Fluke/parasite: livers displaying evidence of infestation by flukes (Fasciola hepatica or other). Miscellaneous: liver condemned for miscellaneous reason or contamination. Telangiectasis: livers displaying gross pathologic evidence of telangiectasis. Cirrhosis: livers displaying gross pathologic evidence of cirrhosis.
5 Gross rumen pathology at slaughter: Normal: gross appearance of healthy epithelium with thick, lush papillae with no signs of inflammation, ulceration, or other insult. Mild: consolidated portions of the ruminal mucosal surface displaying short (relative to normal) or denuded papillae. Severe: active rumenitis lesions: focal or multifocal ulcerations characterized by demarcated, irregularly circular, depressed, red foci or healed ulcerations (scars) characterized by focal or multifocal puckered scars (star shaped) devoid of papillae (Thomson, 1967). abscesses and ruminal pathology whereby the proportion of cattle with both liver abscesses and ruminal lesions was twice that of cattle with liver abscesses and normal rumens (41 vs. 23%, respectively.) The magnitude of difference observed in the present study was not equal to that observed by Jensen et al. (1954) ; however, the difference is likely attributed to several factors. In this experiment, ruminal gross pathology diagnosis was done at "chain speed" in a commercial U.S. slaughter plant with >300 head/h kill capacity. To model the associations between rumen lesions and defined outcomes, it was necessary to individually identify each rumen so that it could be matched to individual animal. When the validity of this identification was in question, the standard operating procedure for this procedure dictated that the investigator score the rumen as an "Unknown." Furthermore, if the rumen and/or the entire offal train was condemned by USDA inspection due to extensive adhesions or a ruptured abscess, the rumen was never presented to the investigators for pathologic examination and later marked as "Unknown" in the respective animal's records. In fact, 53.0% of the cattle with severely abscessed livers received rumen scores of "Unknown," highlighting the potential scope of impacts of missing data.
Classical reports have outlined the pathogenic etiology of the rumenitis-liver abscess complex by correlating the occurrence of ulcerative rumenitis lesions with hepatic abscesses in cattle (Smith, 1944; Jensen et al., 1954) . This hypothesis of the pathogenic mechanism was later solidified and supported by the establishment of a strong genetic connection between the isolates of the causative agent, Fusobacterium necrophorum, in hepatic abscesses and the rumen wall of the same animal (Narayanan et al., 1997; Tadepalli et al., 2009) . Given the accepted pathogenesis of the rumenitis-liver abscess complex, it is likely that many of the rumens that were condemned as a result of severe liver abscess adhesion and/or rupture and therefore not scored exhibited rumenitis.
Although there are logistical challenges to conducting pathologic examination of the rumen at chain speed in a modern U.S. packing plant, there are a several advantages to including rumen lesion data in conjunction with liver abscess data when monitoring ruminal health in a production system or evaluating interventions. As stated, liver abscesses may heal within 50 to 70 d after the initial infection (Itabisashi, 1987) resolving into sterile fibrous scars (Scanlan and Hathcock, 1983) . Therefore, hepatic abscesses formed in the initial stages of the feeding period 2 Gross lung pathology at slaughter: Normal: no visible gross pathological evidence of lesions associated with bovine respiratory disease complex (BRDC). Mild: <50% consolidation of any single lung lobe with lesions associated with BRDC. Severe: >50% consolidation of any single lung lobe with lesions associated with BRDC or any sign of pleural adhesion to the thoracic cavity.
5 Gross rumen pathology at slaughter: Normal: gross appearance of healthy epithelium with thick, lush papillae with no signs of inflammation, ulceration, or other insult. Mild: consolidated portions of the ruminal mucosal surface displaying short (relative to normal) or denuded papillae. Severe: active rumenitis lesions: focal or multifocal ulcerations characterized by demarcated, irregularly circular, depressed, red foci or healed ulcerations (scars) characterized by focal or multifocal puckered scars (star shaped) devoid of papillae (Thomson, 1967) . may present as small unremarkable scars by the time cattle are sent to slaughter. Rumenitis lesions, however, do not heal to a resolution point that would impair detection and are thought to appear as puckered scars devoid of papillae (Thomson, 1967) permanently. Therefore, rumenitis lesions may serve as "timeless" pathological sequela and indicators of past chemical insults to the ruminal epithelium.
Mild rumenitis lesions were not associated with a significant change in ADG relative to normal (P = 0.19); however, severe rumenitis lesions were associated with a significant decrease in ADG relative to normal rumens (0.03 kg/d; P < 0.001). This observation differs numerically from Thompson et al. (2008) who reported a decrease in gain of 0.046 to 0.060 kg/d in South African feedlot cattle when a ruminal mucosal lesion or scar was present at slaughter. This difference is likely be explained by the difference in management techniques and cattle between South African and U.S. High Plains beef production systems.
A significant depression in carcass weight (2.20 kg) was also associated with severe rumenitis lesions compared to normal (P < 0.01). The probability of grading choice or better was not significantly associated with any level of ruminal lesion score (Type III fixed effect, P = 0.17). The association of severe ruminal lesions with a performance loss, while statistically accounting for the influence of liver abscesses, supports the hypothesis that rumenitis acts as an independent antagonist to cattle health and performance rather than just supporting the pathogenesis of hepatic abscesses.
The population used in this investigation was composed primarily of yearling cattle that were exposed to similar management systems and were in general at a low risk for developing BRDC. Future research should include evaluations of pathology in populations of highrisk, Holstein, or Mexican origin cattle that are exposed to a differing set of risk factors or exposed to risk factors for a differing period of time. Implementing a similar system in other sectors of the industry (natural, organic, veal, and cull beef) is also warranted.
The collective measurement of lung, liver, and rumen pathology at slaughter provides valuable information on the health and welfare of feedyard cattle and the systems used to produce them. Results of this project reveal significant, additive relationships between lung, liver, and rumen lesions and reduced performance. Although the majority of the cattle in this population would be considered low risk in many production systems, after adjustments 2 Gross lung pathology at slaughter: Normal: no visible gross pathological evidence of lesions associated with bovine respiratory disease complex (BRDC). Mild: <50% consolidation of any single lung lobe with lesions associated with BRDC. Severe: >50% consolidation of any single lung lobe with lesions associated with BRDC or any sign of pleural adhesion to the thoracic cavity.
3 Ref = referent category. 4 Gross liver pathology at slaughter: Normal: livers free from abscesses, parasites, or other pathological abnormalities. A-= livers that displayed ≤2 abscess ≤2 cm in diameter or resolved abscess scars. A = livers that displayed 2 to 4 abscesses 2 to 4 cm in diameter. A+ = livers displaying ≥1 abscesses >4 cm in diameter or >4 abscesses >2 cm in diameter, adhesions to the body wall or other organs, or a ruptured abscess. Fluke/parasite: livers displaying evidence of infestation by flukes (Fasciola hepatica or other). Miscellaneous: liver condemned for miscellaneous reason or contamination. Telangiectasis: livers displaying gross pathologic evidence of telangiectasis. Cirrhosis: livers displaying gross pathologic evidence of cirrhosis. 4 Gross rumen pathology at slaughter: Normal: gross appearance of healthy epithelium with thick, lush papillae with no signs of inflammation, ulceration, or other insult. Mild: consolidated portions of the ruminal mucosal surface displaying short (relative to normal) or denuded papillae. Severe: active rumenitis lesions: focal or multifocal ulcerations characterized by demarcated, irregularly circular, depressed, red foci or healed ulcerations (scars) characterized by focal or multifocal puckered scars (star shaped) devoid of papillae (Thomson, 1967). for cattle with multiple lesions, 22.9% of cattle in the overall population were observed with a severe lesion (lung, liver, or rumen) and therefore reduced performance. Hence, substantial opportunity exists for the improvement of health and productivity through changes in management with the goal of reducing the causes of lung, liver, and rumen lesions.
